indicate that extracts and flavone derivatives from the rhizome of Kaempferia parviflora can inhibit P-gp function, which may be useful for overcoming P-gpmediated multidrug resistance and improving the oral bioavailability of anticancer agents.
INTRODUCTION
Resistance of tumor cells to anticancer drugs is a serious problem in cancer chemotherapy. P-glycoprotein (P-gp), about 170 kDa in size, is a member of the ATP-binding cassette (ABC) superfamily of drug transporters, conferring multidrug resistance to cells by extruding a variety of structurally and pharmacologically diverse cancer chemotherapeutic agents using energy from ATP hydrolysis. 1 Such anticancer drugs include clinically important compounds such as vinca alkaloids, anthracyclines, etoposide and paclitaxel.
Thus, human P-gp (ABCB1, MDR1) plays an important role in intrinsic or acquired resistance of the tumor cells, which represents a major obstacle for successful treatment of cancer.
A variety of agents were reported to reverse the P-gp-mediated multidrug resistance in tumor cells in vitro and are known as chemosensitizers or modulators. Such chemosensitizers include calcium channel blockers, rhizome for colic disorder in traditional medicine. 14 More recently, the ethanol extract of K. parviflora has been shown to possess gastroprotective effects.
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In this study, we first examined the effect of extract from K. parviflora tincture (called Ya-dong in Thailand), a typical dosage form for the rhizome, on P-gp function by employing LLC-GA5-COL150 cells, a porcine kidney epithelial cell line (LLC-PK 1 ) transfected with human MDR1 cDNA. In addition, the effects of ethanol and aqueous extracts from the rhizome of K.
parviflora were compared. Furthermore, the concentration-dependent effects of flavone derivatives isolated from K. parviflora rhizome on P-gp function were investigated.
MATERIALS AND METHODS

Materials
Rhodamine 123 was purchased from Kanto Chemical Co. Inc. (Tokyo, Japan). Verapamil hydrochloride and daunorubicin hydrochloride were obtained from Wako Pure Chemical Industries, Ltd. (Osaka, Japan). All other chemicals used for the experiments were of the highest purity available.
Cell Culture
LLC-GA5-COL150 cells were obtained from Riken Cell Bank (Ibaraki, Japan).
The cells were cultured with Medium 199 containing 10% (v/v) fetal bovine serum, 100 units/ml penicillin, 100 μg/ml streptomycin and 150 ng/ml colchicine in an atmosphere of 5% CO 2 -95% air at 37°C, and were subcultured every 6 or 7 days using 0.02% (w/v) EDTA and 0.05% (w/v) trypsin. [16] [17] [18] One day prior to accumulation studies, the cells were incubated with fresh Medium 199 to remove colchicine. The cell passages of LLC-GA5-COL150 cells used were between 15 and 26. LLC-PK 1 cells were cultured with Medium 199 containing 10% fetal bovine serum, 100 U/ml penicillin and 100 μg/ml streptomycin in an atmosphere of 5% CO 2 -95% air at 37°C, and were subcultured every 6 or 7 days using 0.02% EDTA and 0.05% trypsin.
The cell passages of LLC-PK 1 cells used were between 216 and 228.
Western blot analysis
For immunoblot analysis, the crude membrane fractions from LLC-GA5-COL150 cells and LLC-PK 1 cells were prepared at 7 days after seeding.
Briefly, after removal of the culture medium, each dish was washed with icecold PBS buffer and the cells were collected with rubber policeman. The cell suspension was homogenized for 2 min with an IKA T25 Basic disperser (IKA ® LABORTECHNIK, Germany) in an ice-cold buffer (150 mM NaCl, 1 mM, EDTA, 1 mM PMSF with 20 mM Tris, pH 7.4), and was subsequently homogenized with a glass/Teflon Potter homogenizer with 10 strokes at 1,000
rpm. The homogenate was centrifuged at 3,000 g for 10 min at 4°C in an 
Accumulation experiments
Accumulation of rhodamine 123 or daunorubicin in LLC-GA5-COL150 cells or LLC-PK 1 cells was measured in the 24-well plates (Asahi Techno Glass Corp., Tokyo, Japan). Cells were used at 7 days after seeding at a cell density of 5 x 10 4 cells/well. Fresh medium was replaced every 2 or 3 days.
In the case of LLC-GA5-COL150 cells, culture medium was replaced with fresh medium without colchicine 1 day before transport experiments. 
Data analysis
Statistical analysis was performed by Student's t-test, or by the one-way analysis of variance (ANOVA) with the Tukey's post hoc analysis. A difference of P<0.05 was considered statistically significant.
RESULTS
Expression and function of P-gp in LLC-GA5-COL150 cells
Western blot analysis was performed to identify the expression of P-gp in LLC-GA5-COL150 cells. As shown in Figure 1A , P-gp expression was detected in LLC-GA5-COL150 cells, but not in the parental LLC-PK 1 cells.
Next we examined the effect of verapamil, a typical inhibitor for P-gp, on the accumulation of rhodamine 123, a typical P-gp substrate, 21 in LLC-GA5- . Thus, we confirmed that it is possible to detect changes in P-gp function under our experimental conditions. In addition, 100 μM verapamil significantly increased the accumulation of the anticancer agent daunorubicin, another substrate for P-gp, in LLC-GA5-COL150 cells, but not in LLC-PK 1 cells (data not shown).
Effect of K. parviflora tincture extract on accumulation of rhodamine 123 and daunorubicin
In Thai traditional medicine, fresh or dried rhizome of K. parviflora is often used as a tincture, which is prepared by preserving the rhizome (400 -500 g for fresh ones or 30 g for dried ones) in 750 ml of whiskey including 28-40%
ethanol. Therefore, we examined whether or not K. parviflora tincture extract has an effect on P-gp function. 
Effects of ethanol and aqueous extracts from K. parviflora rhizome on accumulation of rhodamine 123 and daunorubicin
We next examined the effects of ethanol and aqueous extracts from K.
parviflora rhizome on the accumulation of P-gp substrates in LLC-GA5-COL150. As shown in Figures 3A and 3B , the ethanol extract increased the accumulation of both P-gp substrates, rhodamine 123 and daunorubicin, in LLC-GA5-COL150 cells in a concentration-dependent manner, which were significant at concentrations over 30 μg/ml and 10 μg/ml, respectively. The aqueous extract also caused an increase in the accumulation of rhodamine 123 and daunorubicin in LLC-GA5-COL150 cells, while the aqueous extract had lower potency than the ethanol extract (Figure 4) . In LLC-PK 1 cells, there were no significant effects of the ethanol and aqueous extracts on the accumulation of rhodamine 123 and daunorubicin ( Figures 3 and 4) .
Effects of flavone constituents in K. parviflora rhizome on P-gp function
Some flavones have been isolated from the rhizome of K. parviflora.
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Since several polymethoxyflavones were reported to potently inhibit P-gp- Ethanol extract from K. parviflora rhizome had a significant inhibitory effect on P-gp-mediated transport of rhodamine 123 at a concentration of 30 μg/ml or higher as shown in Figure 2A . According to the above-mentioned content, 30 μg/ml ethanol extract is expected to contain 5.4 μg/ml 3,5,7,3',4'-pentamethoxyflavone, which is relatively correlated with the lowest concentration (3 μM = 1.1 μg/ml) where a significant inhibitory effect on P-gp function was observed (Figure 6 ).
In the case of the aqueous extraction of K. parviflora rhizome, trace amounts of the six flavone derivatives were detected; 5-hydroxy-3,7-dimethoxyflavone, 0.06%; 5,7-dimethoxyflavone, 1.72%; 5-hydroxy-3,7,4'-trimethoxyflavone, not detectable; 5,7,4'-trimethoxyflavone, 3.21%; 3,5,7,4'-tetramethoxyflavone, 0.59%; 3,5,7,3',4'-pentamethoxyflavone, 1.23% of aqueous extract from K. parviflora rhizome (Sripanidkulchai B, Yenjai C, Sutthanut K, Weerapreeyakul N, unpublished data). As shown in Figure 4A , the aqueous extract significantly increased the accumulation of rhodamine 123 in LLC-GA5-COL150 cells at concentrations over 100 μg/ml, which is estimated to contain 1.2 μg/ml 3,5,7,3',4'-pentamethoxyflavone based on the above-mentioned content. This estimated concentration value is also very close to the lowest concentration (3 μM = 1.1 μg/ml ) at which 3,5,7,3',4'-pentamethoxyflavone significantly increased accumulation of rhodamine 123
in LLC-GA5-COL150 cells. Taken together, the significant inhibitory effects of extracts from K. parviflora rhizome on P-gp-meditated rhodamine 123 transport may be mainly attributed to 3,5,7,3',4'-pentamethoxyflavone.
In addition, the ethanol and aqueous extracts significantly increased the accumulation of daunorubicin in LLC-GA5-COL150 cells at concentrations of 10 and 300 μg/ml, respectively. These concentration values are estimated to contain 1.8 and 3.7 μg/ml 3,5,7,3',4'-pentamethoxyflavone, respectively.
These estimated values are somewhat lower than the lowest concentration (30 μM = 11.0 μg/ml ) at which 3,5,7,3',4'-pentamethoxyflavone significantly increased the accumulation of daunorubicin in LLC-GA5-COL150 cells.
Therefore, other flavone derivatives in K. parviflora extracts may be involved in the inhibition of P-gp-mediated daunorubicin efflux. 
